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Project Background 
Australia needs to greatly reduce its fossil fuel-based energy consumption if the required 
reductions in greenhouse gas emissions of 60% are to be achieved by 2050. Heating and 
cooling of residential and commercial buildings contributes significantly to the country's 
carbon dioxide emissions. Roof spaces in buildings are known to become hot and cold 
respectively depending on ambient conditions. If this warm and cool air could be harnessed 
effectively and economically, significant reductions in energy and greenhouse gas emissions 
might be possible. The Smartbreeze™ system uses this concept of harnessing the heat and 
coolth available in the roof space. 
Project Aim 
The purpose of the project, as specified in the contract between Deakin University and 
Smartbreeze™, is to test the Smartbreeze™ roof solar collector product. To achieve this aim, 
experimental data was to be collected and analysed. Subsequent to this, a mathematical 
model will be developed and validated with the experimental data. The validated model will 
then be used to predict the annual performance of the Smartbreeze™ unit in Melbourne. This 
report represents work done in the first part of the project. 
Site Description 
Two pairs of classrooms were available for the testing. Their orientations were 1 00 East and 
100 West of due North respectively. Each of these classrooms is fitted with two 
Smartbreeze™ units. Because testing was to be conducted in late March/early April when 
neither continuous 'summer' or 'winter' conditions could be guaranteed, it was decided that 
the north-easterly facing pair of classrooms would be used to test the effectiveness of the 
Smartbreeze™ unit in its cooling mode, while the north-westerly facing classroom would be 
used to test the Smartbreeze™ unit in its heating mode. In each case, the Smartbreeze™ unit 
in one classroom of each pair would be deactivated and hence provide a 'control' against 
which performance of the active unit could be compared. Unfortunately neither the 'control' 
nor the 'active' classroom are identical in either case of heating or cooling. One classroom in 
each pair has an external wall, which will gain or lose heat more readily than a non-boundary 
wall. 
The prime forcing functions determining the thermal conditions in these classrooms are solar 
radiation and ambient temperature. Direct input of solar radiation through windows is the 
most powerful mechanism determining internal conditions. Solar radiation is also the prime 
driver of the Smartbreeze™ system because air is heated by solar radiation absorbed by the 
roof. It is therefore important that solar radiation falling on the roof and entering the 
classroom is identical, removing any variation in this prime variable. In a well-insulated 
building, conduction gains and losses through an external wall will be less dominant. For 
these reasons, a decision was made that the north-east facing pair of classrooms would be 
used for the 'cooling' experiment and the north-west facing pair of classrooms would be used 
for the 'heating' experiment. 
Smartbreeze™ Control Strategy 
There was concern that since testing was being conducted in March that the days may either 
not be hot or cool enough to demonstrate the effectiveness of the Smartbreeze™ unit. As a 
result, the control settings on the units were changed. 
In the case of heating, the revised control strategy meant that if the classroom temperature 
was below 300 e and the temperature of the air in the Smartbreeze™ unit was above the 
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classroom temperature, then the fan would be turned 'on'. The fan would remain 'on' until 
the classroom air temperature had reached 30°C or the temperature of the air in the 
Smartbreeze™ unit had fallen below the classroom air temperature. 
Similarly, in the case of night cooling, if the temperature of the classroom was above 16°C 
and the temperature of the air in the Smartbreeze™ unit was below the classroom air 
temperature, the fan would be turned 'on' until the classroom temperature had reached 16°C 
or the temperature of the air in the Smartbreeze™ unit was no longer below the classroom air 
temperature. 
For daytime cooling, ambient air is drawn through the roof cavity and expelled through the 
exhaust vent if the temperature of the air in the classroom is greater than 16°C and the 
ambient air temperature is less than the temperature in the Smartbreeze™ unit. 
Instrumentation and Measurements 
Various instrumentation was used to measure a variety of variables in and outside the 
classrooms, as follows: 
Temperatures 
Temperature measurements were made at the following seven locations using Onset Hobo T8 
sensors: 
• at 1.5 metres above floor level in the middle of each of the four classrooms. The 
sensors were suspended from an overhead beam at its midpoint. 
• in two ceiling inlet grilles of the classrooms with the operational Smartbreeze™ 
units. 
• outside below the eave on the South side of the buildings. 
• thermocouples at various heights were located in one of the classrooms to measure 
air stratification within the space. Data from these sensors was to be recorded on a 
data logger (Campbell Scientific Model CRIOX). 
Solar Radiation 
Originally solar radiation was to be measured on the plane of each roof by two pyranometers. 
Output from these instruments was also to be logged by a second data logger. Unfortunately, 
power to the data logger was turned off by the cleaners on the second day of the experiment 
and therefore hourly values of solar radiation are not available. Fortunately estimates of daily 
solar radiation in Maryborough have been obtained from satellite data, courtesy of 
Sustainability Victoria (Table 1). 
The data indicates that a wide range of solar radiation levels were experienced in 
Maryborough during the testing period. This was fortunate because it has enabled some 
observations of the likely performance of the Smartbreeze™ unit under different solar 
radiation levels, typical of summer and winter, to be made. 
Average daily solar radiation in Melbourne is 14.8 MJ m-2 (ANZSES, 2006). It can be seen 
that during the test period, that Day 3, 4,5,6, 10, 11 and 14 are close to this average. In 
summer, in Melbourne, solar radiation levels normally exceed 20 MJ m-2 and so several days 
i.e. Day 1, 2, 7 and 12 can reasonably be used to judge how a Smartbreeze™ unit might 
~erform in summer. Winter solar radiation levels in Melbourne are approximately 7 -8 MJ m- . 
. On Day l3 (2nd April), the solar radiation was low and the unit's performance on this day 
might be indicative of its performance in Melbourne during winter. 
4 
Table 1 Horizontal solar radiation levels in Maryborougb during test period 
Day No Date Location Horiz Radn 
1 21/03/2008 MARYBOROUGH 21.34 MJ/m2 
2 2.f.LQ.;},!,?"Q.Q~. MARY BOROUGH 20.36 MJ/m2 
3 ~L03/2008 MARYBOROUGH 14.56 MJ/m2 
4 Z.4!"Q;3/:?'.QQ'§. MARY BOROUGH 14.29 MJ/m2 
5 25/03/20Q§. MARYBOROUGH 14.89 MJ/m2 
6 26/0312008 MARY BOROUGH 14.76 MJ/m' 
7 27/03/2008 MARYBOROUGH 19.02 MJ/m 2 
8 28/03/.?QQ§. MARYBOROUGH 17.37 MJ/m2 
9 29f03/2008 MARYBOROUGH 11.98 MJ/m2 
10 ;tOjg.g!"~QQ.~ MARYBOROUGH 15.30 MJ/m2 
11 31/03/2008 MARY BOROUGH 14.89 MJ/m2 
12 01/04/2008 MARYBOROUGH 20.00 MJ/m2 
13 
.Q.(LQ.1f.?Q.Q§. MARY BOROUGH 5.85 MJ/m2 
14 03104/2008 MARY BOROUGH 14.04 MJ/m2 
15 04/04/2008 MARYBOROUGH 12.97 MJ/m2 
16 Q';>J.,94/2008 MARYBOROUGH 11.81 MJ/m2 
(source: Sustainability Victoria, 2008) 
Air Flow Rates 
Air flow from both the delivery and exhaust fans was initially measured with a hot wire 
anemometer (TSI Velocicalc Model 8386). Readings were taken at regularly intervals across 
duct extensions for each type of fan. 
In the case of the exhaust fan, this proved to be a satisfactory method with acceptable results 
(Appendix E). An average flow rate of27 1 S-I (16401 min-I) was determined from the 200 
measurements. 
In the case of the delivery fan, there was too much variation in the readings. This was 
believed to be due to swirl caused by the spiral ducting. Measurements were therefore made 
using a modular air hood (TSI Model 8375) and reliable readings were obtained. An average 
flow rate of39.5l S-I (2370 I min-I) was determined for the fan delivering warm air from the 
activated Smartbreeze™ unit. This value has been used in later calculations. 
Results and Discussion 
The data collected at the various locations described above has been used to evaluate the 
effectiveness of a Smartbreeze™ unit to either heat or cool a building. The key results and 
some analysis are given below. 
Heating Mode 
The effect of installing a Smartbreeze™ unit operating in the heating mode on a building'S 
internal temperature was evaluated by comparing the air temperatures in the two adjacent 
classrooms with identical orientation over a 16-day period (Appendix A). Inspection of the 
data does not show a consistent relationship between the temperatures in the rooms with and 
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without the Smartbreeze™ unit. On some 'average' days e.g. Day 3 and 4, the peak air 
temperature is higher in the classroom with the Smartbreeze™ installed. However, on Day 10 
and 11, when the solar radiation levels were similar, little difference in daytime internal room 
temperatures can be observed. On Day 13 i.e. low solar radiation, little or no difference 
between the temperatures in the two classrooms is evident. Similarly, inconsistent 
observations of the impact of 'high' solar radiation can be observed. Day 1,2 and 12 show 
that a higher peak temperature is reached in the room fitted with the Smartbreeze™ unit. No 
difference was evident, however, on Day 7. 
There are also some anomalies in the data for which at present there are no obvious 
explanations. Why, for example, is the internal air temperature of the classroom with the 
active Smartbreeze™ unit lower than the 'control' classroom for the first eight hours on most 
days, but on Days 3, 4 and 5 there is no difference and the classrooms have identical 
temperatures? 
Despite this and the other inconsistencies described, inspection of the data indicates that on 
'average' and 'below-average' solar radiation days, there is no appreciable difference in 
classroom temperatures. On 'high' and 'average' solar radiation days, when no heating 
would normally be required, a small elevation in temperature is achieved in mid-afternoon, 
sometime between 2pm and 4pm. 
Heat Input 
While it is difficult to quantify the heating effectiveness of the Smartbreeze™ unit from 
inspection of the air temperatures in the respective classrooms, the level of heat delivered into 
the classroom fitted with the Smartbreeze ™ unit can be quantified using the relevant 
temperatures and the delivery fan flow rate. The difference between the temperature of the air 
at the inlet grille and the ambient air indicates the level of temperature rise achieved as the 
outside air passes through the roof space1• 
However, useful heat is only delivered to the classroom when the temperature of the air at the 
inlet grille is greater than the classroom air temperature. A comparison of the air temperature 
at the inlet grille of the Smartbreeze™ unit, room air temperature and outside ambient from 
the 16 complete data days is shown in Appendix B. On all days, the temperature of the air at 
the inlet grille follows a similar but elevated pattern to the outside ambient air. There are no 
obvious changes in the Smartbreeze™ unit outlet temperature profile to indicate when the 
unit was turned 'on'. Since the data does not definitively show when the Smartbreeze™ unit 
was active, interpretations from the collected data may be different from practice because the 
Smartbreeze™ control sensors are not in the same locations as the Deakin sensors. 
The temperature of the air at the grille is always greater than outside ambient, but this is as 
expected because the air temperature at the inlet grille is influenced predominantly by the 
classroom air temperature. 
Inlet air temperatures are elevated several degrees by midday on all days except Day 13. The 
quantity of heat delivered to the classroom on each day has been calculated using the 
measured airflow and the temperature difference of the air at the inlet grille and the 
classroom air (Table 2). 
1 Note that some of this temperature rise will be contributed by the room below the roof and therefore not all of 
the temperature rise can be attributed to the roof acting as a solar collector 
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Table 2 Heat output from Smartbreeze™ unit during test period 
Day No Tota I Usefu I 
Date Solar Radiation Heat Output 
(MJ m2) (MJ) 
1 21-Mar 21.34 47 
2 22-Mar 20.36 71 
3 23-Mar 14.56 32 
4 24-Mar 14.29 43 
5 25-Mar 14.89 16 
6 26-Mar 14.76 12 
7 27-Mar 19.02 25 
8 28-Mar 17.37 40 
9 29-Mar 11.98 7 
10 30-Mar 15.3 16 
11 31-Mar 14.89 27 
12 i-Apr 20 49 
13 2-Apr 5.85 2 
14 3-Apr 14.04 8 
15 4-Apr 12.97 17 
16 5-Apr 11.81 12 
Although Days 3, 4 and 5 had average solar radiation levels, internal room temperatures did 
not fall below 20°C and so in reality heat demand for the rooms would be small. On Days 10 
and 11, however, the night-time temperature in the rooms fell below this temperature, so 
heating would have been required. Figure 1 shows the comparison of classroom temperatures 
and the heat output from the Smartbreeze™ unit on Day 10. 
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Figure 1 Comparison of air temperatures in classrooms with & without Smartbreeze™ 
unit in heating mode 
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Several observations can be made from Figure l. Firstly, the temperature of the air in the 
room inlet grille is approximately six degrees colder than the room air temperature from 
midnight up to approximately 7am. The reason for this large difference is not known and 
warrants further investigation. Figure 1 shows that both the classrooms start to warm up at 
approximately 8am presumably because of the rising outside ambient temperature and 
possibly incoming solar radiation. At approximately 8.45am, the temperature of the air in the 
Smartbreeze™ unit is greater than the temperature of the air in the classroom (which is less 
than 30°C) and so the Smartbreeze™ unit is turned 'on'. The classroom fitted with the 
Smartbreeze™ unit warms marginally faster than the normal classroom, indicated by the 
steeper slope. By about 11am, however, both classrooms reach the same temperature and they 
remain so until about 4pm, when the temperature of the air in the Smartbreeze™ unit falls 
below the temperature of the air in the classroom. It is presumed that at this point, the 
Smartbreeze™ unit was turned 'off. 
Although heated air has been added to the classroom, this appears to have had little effect on 
overall classroom air temperature. On Day 10, Table 2 shows that between 8.45am and 
4.4Spm, 16 MJ of heat was added to the classroom. On average, over the nine hour operating 
period, this is the equivalent of l.8 MJ (0.5 kWh) of heat addition to the classroom. This is 
approximately equivalent to a 500 Watt heater operating continuously. 
The classrooms have an approximate floor area of 62 m2 and an air volume of approximately 
214 m3. The size of a conventional domestic electric convection heater, normally considered 
appropriate for a small room e.g. 10m2 in area with an air volume of 30 m3, is approximately 
2000 Watts i.e. four times the average hourly output of Smartbreeze™ unit. This comparison 
indicates one of the reasons why the Smartbreeze™ unit is unable to make an appreciable 
difference to the overall temperature of the air in the classroom. 
Another reason is that heat delivery from the Smartbreeze™ unit is at ceiling level and 
because the low airflow rate is low, it may be contributing to thermal stratification in the 
room. Thermal stratification normally occurs in any heated space, especially if there is no 
mixing fan to drive any warm air that has accumulated near the ceiling down to occupant 
levels. Appendix H shows the level of thermal stratification in the classroom fitted with the 
Smartbreeze™ unit in active heating mode on three days (Days 1, 10 & 13) with high, 
average and low solar radiation levels respectively. Considerable stratification is evident on 
Days I and 10 i.e. up to 6°C and 3°C respectively. It is quite possible that due to the low air 
velocity of air delivered by its fans, that any heat introduced into the classroom by the 
Smartbreeze ™ unit is in fact not mixing well with lower air and is adding to thermal 
stratification. This possibility warrants further investigation. 
Cooling Modes 
The effect of a Smartbreeze™ unit operating in the cooling mode was investigated using a 
similar approach to that used when assessing its heating effect. A comparison of air 
temperatures in the two north-east facing classrooms was made. The first five days, including 
days with high solar radiation and/or ambient temperatures are shown in Appendix C. 
Even though ambient temperatures are well below room temperatures during the night on all 
of these days, there is no evidence that any cooling was achieved in the classroom fitted with 
the Smartbreeze™ unit between midnight and 8am. The air temperatures in the two 
classrooms are almost identical. 
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After 8am, the classroom air temperatures generally begin to rise, but the air in the classroom 
fitted with the Smartbreeze™ unit rises more slowly. It is possible that this is the result of the 
removal of heat from below the roof i.e. the daytime cooling mode of the Smartbreeze™ unit. 
However, from approximately 11 am, the outside ambient air temperature is usually greater 
than the temperature of the air at the inlet grille of the classroom fitted with the 
Smartbreeze™ unit (Figure 2) and according to the control strategy, exhausting of roof air 
should not be occurring at this time. Since the inlet grille sensor is influenced by room 
temperature, it is possible that the roof space temperature (as measured by the Smartbreeze ™ 
sensor) is in fact greater than indicated by Deakin's measurements. This means that the 
exhaust mode of the Smartbreeze ™ unit may in fact be still operating. If the temperature of 
the air in the Smartbreeze™ unit is higher than that of the air in the roof due to the solar 
radiation absorbed by unit, then the exhaust fan may be operating longer than necessary. 
Temperatures in both classrooms reach approximately the same final temperatures by mid 
afternoon. 
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Figure 2 Comparison of air temperatures at the inlet grille of the Smartbreeze™ unit in 
cooling mode and outside ambient on Day 3 
Conclusions 
The data recorded over the 16-day evaluation period has enabled some assessment of the 
performance of the Smartbreeze ™ unit to be made. The heat collected does not appear to be 
influencing the room air temperature at occupant level. This may be due to inadequate 
volume flow andlor because the warmed air is introduced at ceiling level. Similarly, although 
there was considerable potential to introduce cool outside air into the classrooms at night, the 
room temperature and the temperature of the air at the room inlet grille do not reflect the 
introduction of cool ambient air. This may be due to faulty control logic, or no or low fan 
operation due to inadequate battery storage. Since further development work is required, it is 
recommended that the second stage of the project, namely thermal modelling, be postponed 
until system improvements have been made. 
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Appendix A: 
Comparison of internal air temperatures for classrooms fitted with and without 
Smartbreeze™ units in heating mode 
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Appendix B: 
Comparison of air temperature at the inlet grille of the Smartbreeze™ unit, and room 
air and outside ambient air temperatures 
Friday 21st March· 21.34 MJ/m2 
38r--------------------------------------------------------------------------------, 
36 
34 
32 
30 
28 
26 
24 
§: 22 
I!! 
.E! 20 
~ 18 
a. 
~ 16 
14 
12 
10 
8 
,.' 
~ ...... -....................... .. " 
.' 
" 
6 j--lnletAir 
4 ; - - - _. Outside Ambient 
2 Room Air Temperature; 
oL---~--~----~--------~--~~~========~--~------~ 
0:13 2:13 4:13 6:13 8:13 10:13 12:13 
Time of Day 
14:13 
Saturday 22nd March· 20.36 MJ/m2 
16:13 18:13 20:13 22:13 
42r--------------------------------------------------------------------------------, 
40 
38 -
36 
34 
32 
30 
28 
26 
~ 24 
~ 22 
e 8. 20 
E 18 ~ 
16 
14 -
12 
10 
8 
6-
4 
2 
... -- .. 
................... 
; --Inlet Air 
..... Outside Ambient 
Room Air Temperature: 
o+---------------------------------------~--------------------~----------------~ 
0:13 2:13 4:13 6:13 8:13 10:13 12:13 14:13 16:13 18:13 20:13 22:13 
Time of Day 
19 
Sunday 23rd March -14.56 MJ/m2 
40r-----------------------------------------------------------------------------, 
38 
36 
34 
32 
30 
28 
26 
Q: 24 
2! 22 
= ~ 20 
Q) 
~ 18 
{E. 16 
14 
12· 
10 
8 
6 
4· 
2 
.... ~ .... 
" 
, " 
.. , 
.... --
" 
~ ~ ..... 
f--lnletAir 
i· .... Outside Ambient 
I ~ Room Air Temperature 
O~----~------------------~----~------~----~----~----~------__ ----__ ----~ 
0:13 2:13 4:13 6:13 8:13 10:13 12:13 
Time of Day 
14:13 
Monday 24th March· 14.29 MJ/m2 
16:13 18:13 20:13 22:13 
40.---------------------------------------------------------------------, 
38· 
36 
34 
32 
30 
28· 
26 
Q: 24 
e 22· 
.a f! 20· 
Q) 
~ 18· 
{E. 16 
14 
12 
10 
8 
6· 
4· 
2 
.' 
/ 
" 
" ....... 
.. ' 
'. 
----Inlet Air 
.•••• Outside Ambient 
Room Air Temperature 
o~--------------------------------__ ------__ ----__ ----~ __ ----__ ------------------~ 
0:13 2:13 4:13 6:13 8:13 10:13 12:13 
Time of Day 
20 
14:13 16:13 18:13 20:13 22:13 
Tuesday 25th March -14.89 MJ/m2 
34 
32 
30 
28 -
26 
24 
22 
!I 20 
~ 18 
e 1l. 16 
E 
~ 14 - .. ' : 
12 
10 
8 
6 
! --Inlet Air 
4 
•...•. Outside Ambient 
2 - Room Air Temperature' 
0 
0:13 2:13 4:13 6:13 8:13 10:13 12:13 14:13 16:13 18:13 20:13 22:13 
Time of Day 
Wednesday 26th March - 14.76 MJ/m2 
30,------------------------------------------, 
25 
20 
", 
10 -
5 
:' 
.' 
. 
" . . 
',' 
" , . 
.. ~ ~ .. 
", 
--Inlet Air 
.•..• Outside Ambient 
~ ____ ,_ ....... -_CnQln_l\.ir _____ ! 
O+-----~-----~--_T---~-------------------__ ---__ --__ --~ 
0:13 2:13 4:13 6:13 8:13 10:13 12:13 
Time of Day 
21 
14:13 16:13 18:13 20:13 22:13 
Thursday 27th March -19,02 MJ/m2 
~r---------------------------------------------------------------------------------~ 
30 -
28 
26 
24 
12 
10 
8 
6 
4 
2 
................... ~ 
--
", 
, . 
" 
" 
.' 
" 
" ,--
. 
--Inlet Air 
, • - •• Outside Ambient 
Room Air Temperature 
O+-------------__ ----__ ------__ ----__ ------__ ----__ --------------------------------~ 
0:13 2:13 4:13 6:13 
34 
32 
30 
28 
26 
24 
22 
§: 20 
~ 
.a 18 
~ ~ 16 
E 14 ~ 
12 
10 
8-
6 .......... 
4 " 
2 
a 
0:13 2:13 4:13 6:13 
8:13 10:13 12:13 14:13 
Time of day 
Friday 28th March -17.37 MJ/m2 
" 
8:13 10:13 
.. / .. ~ ... 
!. . I • 
.', : ',,' 
. ' 
12:13 
Time of Day 
22 
. " 
14:13 
16:13 
,-
, --
.- ~ . 
, .. 
-, 
" 
18:13 
'. 
! --lnletAlr 
I ••••• Outside Ambient 
20:13 
Room Air Temperature! 
16:13 18:13 20:13 
22:13 
22:13 
30 
28 
26 
24 
22 -
20 
§: 18 
.. 
.3 16 
1: 
~ 14 
E 
~ 12 
10 
8 
," 
6 
'" 
. . . . . .. .. ~ ...... ~ 
4 
2 
0-
0:13 2:13 4:13 6:13 
Saturday 29th March -11.98 MJ/m2 
: 
8:13 10:13 12:13 
Time of Day 
14:13 
Sunday 30th March -15.30 MJ/m2 
16:13 
'. 
'# .... 
: --Inlet Air 
, •••.. Outside Air 
____ RO~I!1~!!" Tempe!.~ure 
18:13 20:13 22:13 
28.---------------------------------------------------------------------------------~ 
26 
24 -
22 
20 
18 
1:1: 16 
i!! 
:J E 14 
i!l. 
~ 12 
10 -
8 
6 
4-
2 
: 
: 
-, 
'. 
.' 
. , 
... ~ . 
" 
'--Inlet Air 
. , - _. Outside Ambient 
I Room Air Temperature 
o ~----~------------------------------__ ----__ ----__ ------------------------~ 
0:13 2:13 4:13 6:13 8:13 10:13 12:13 14:13 16:13 18:13 20:13 22:13 
Time of Day 
23 
Monday 31st March" 14.89 MJ/m2 
34r-------------------------------------------------------------------------------, 
32 -
30 -
28 -
26 
24 
22 
§: 20 
e 3 18 
l! ~ 16 
~ 14 
12 
10 
8 
6 
4 
2 
0 
0:13 
36 -
34 
32 
30 
28 
26 
24 -
§: 22 
e 20 
.a 18 l! 
., 
~ 16 
~ 14 
12 
10 
8 
6 
4 
2 
0 
0:13 
.. ' ............ 
.. ' 
2:13 4:13 6:13 
2:13 4:13 6:13 
8:13 
8:13 
10:13 12:13 
Time of Day 
14:13 
Tuesday 1st April" 20 MJ/m2 
10:13 12:13 
Time of Day 
24 
14:13 
16:13 
16:13 
-- . 
--Inlet Air 
..... Outside Ambient I 
Room Air Temperature: 
18:13 20:13 22:13 
'. 
........................ 
--Inlet Air 
..... Outside Ambient 
~ Room Air Temperature, 
18:13 20:13 22:13 
24 
22· 
20 
18 
16 
§: 14 
e 
.a 12· E 
'" a. E 10 ~ 
8 
6 
4 
2 
0 
0:13 2:13 4:13 6:13 
Wednesday 2nd April - 5.85 MJ/m2 
8:13 10:13 12:13 
Time of Day 
14:13 
Thursday 3rd April - 14.04 MJ/m2 
:--lnletAir 
i ••••• Outside Ambient 
. Room Air Temperature 
16:13 18:13 20:13 22:13 
26r---------------------------------------------------------------------------, 
24 
22 
20 
18 
_ 16 
!:2. 
e 14 ~ 
~ 12 
E 
~ 10 
8 
6 
4 
2 
.. - ~ 
" 
/ '.' 
" 
: 
·--lnletAir 
, •••.. Outside Ambient 
! Room Air Temperature 
o~--~---------~---__ --_---___ ~-------_--_--~ 
0:13 2:13 4:13 6:13 8:13 10:13 12:13 
Time of Day 
25 
14:13 16:13 18:13 20:13 22:13 
32 
30 -
28 -
26 
24 -
22 
20 
U 
~ 18 
" ~ 16 
'" c. E 14 
~ 12 -
10 
8 
6 
4 
2 
0 
0:13 
.. ' 
2:13 4:13 
.,-." 
'.' 
.. ' 
6:13 8:13 
Friday 4th April - 12.97 MJ/m2 
10:13 12:13 
Time ofOay 
14:13 
Saturday 5th April- 11.81 MJ/m2 
16:13 
. ~ ................ .. 
--Inlet Air 
••••. Outside Ambient 
Room Air Temperature 
18:13 20:13 22:13 
30-r-------------------------------------------------------------------------------~ 
28 
26 
24 
22 -
20 
§: 18 
'" 5 16 
1! 
~ 14 
E 
~ 12 
10 
8 
6 
4 
2-
~ ........................................ . 
'.' 
; --Inlet Air 
, ..••. Outside Ambient 
Room Air Temperature, 
o~------------------------~------------------------------------------------~ 
0:13 2:13 4:13 6:13 8:13 10:13 12:13 
Time of Day 
26 
14:13 16:13 18:13 20:13 22:13 
Appendix C: 
Comparison of internal air temperatures for classrooms fitted with and without 
Smartbreeze™ units in cooling mode for first five days of testing 
21st March - Cooling Comparison 
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Appendix D: 
Comparison of air temperature at inlet air grille (cooling mode), outside ambient air 
and classroom temperature for first five days of testing 
21 st March - Cooling Potential 
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Appendix E Flow Rate Measurements 
Table El- Air velocity (m/s) measurements made at exhaust outlet 
105 145 185 
Unit No 25mm 65mm mm mm mm 
2 2.52 2.39 2.09 1,73 1,83 
2 2.54 2.38 2.14 2.04 2.28 
2 2.45 2.44 2.14 2.05 2.32 
2 2.57 2.35 2.28 2.22 2.37 
2 2.48 2.50 2.13 2.02 2.28 
Average 2.51 2.41 2.16 2.01 2.22 
4 2.83 2.17 2.27 2.48 2.39 
4 2.33 2.24 2.11 2.50 2.48 
4 2.74 2.17 2.28 2.53 2.34 
4 2.67 2.20 2.28 2.46 2.38 
4 2.64 2.21 2.36 2.49 2.36 
Average 2.64 2.20 2.26 2.49 2.39 
6 2.75 2.42 2.78 2.48 2.34 
6 2.75 2.38 2.82 2.69 2.46 
6 2.73 2.46 2.82 2.49 2.45 
6 2.66 2.31 2.92 2.53 2.36 
6 2.74 2.47 2.84 2.64 2.49 
Average 2.73 2.41 2.84 2.57 2.42 
8 1.86 1.94 1.99 1.76 1.99 
8 1.78 1.84 2.19 1.97 2.21 
8 1.73 2.02 1.91 1.67 2.19 
8 1.74 1.84 1.88 1.70 2.11 
8 1.77 1.98 1.82 1.84 2.23 
Average 1.78 1.92 1.96 1.79 2.15 
Table E2 - Air flow (Us) measurements made at room inlet grille 
Heating with 
Test No Cooling-No Smartbreeze Cooling with Smartbreeze Smartbreeze 
1 48 49 41 
2 46 50 39 
3 45 43 38 
4 47 41 
5 47 39 
6 49 39 
7 47 39 
8 48 40 
Averages 46.3 47.5 39.5 
33 
Appendix F Hobo data logger cross-calibration 
HOBO HOBO HOBO HOBO HOBO HOBO 
DATE/TIME HOBO 1 2 3 4 5 6 7 
03/18/08 09:44:43.0 27.91 27.91 27.91 28.31 28.31 27.91 27.91 
03/18/0809:59:43.0 27.91 27.52 27.91 27.91 27.91 27.91 27.52 
03/18/0810:14:43.0 27.91 27.52 27.91 27.91 27.91 27.91 27.52 
03/18/08 10:29:43.0 27.91 27.52 27.91 27.52 27.91 27.91 27.52 
03/18/08 10:44:43.0 27.91 27.52 27.91 27.52 27.91 27.91 27.52 
03/18/0810:59:43.0 27.91 27.52 27.91 27.52 27.91 27.91 27.52 
03/18/0811:14:43.0 27.91 27.52 27.91 27.52 27.91 27.91 27.52 
03/18/0811:29:43.0 27.91 27.52 27.91 27.52 27.91 27.91 27.52 
03/18/08 11 :44:43.0 27.91 27.52 27.91 27.91 27.91 27.91 27.52 
03/18/08 11 :59:43.0 27.91 27.91 27.91 27.91 27.91 27.91 27.52 
03/18/08 12:14:43.0 27.91 27.91 27.91 27.91 28.31 28.31 27.52 
03/18/08 12: 29:43.0 27.91 27.91 27.91 27.91 28.31 28.31 27.91 
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Appendix H 
Temperature stratification of air in classroom fitted with Smartbreeze™ 
unit in heating mode on Days 1, 10 and 13 
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